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Abstract 
The teleosts Chelidonichthys cuculus, Trigloporus lastoviza, Serranus cabrilla and Trachinus draco, are important by-catch 
species, in terms of landed biomass and commercial value, from the continental shelf bottom trawl fishery off the Balearic Islands 
(western Mediterranean). The main biological parameters of these species were calculated from monthly biological samplings, 
and were used along with three-year pseudo-cohorts (2008-2010) obtained from monitoring on-board of the bottom trawl fleet, 
to assess their exploitation level through Virtual Population Analysis (VPA) and Yield per Recruit (Y/R) analysis. Time series of 
fishery independent indicators based on MEDITS surveys data such as the evolution of the abundance and biomass, the distribu-
tion range, and the Conservation Status of Fishb (CSFb), were also analyzed.
All four species analyzed showed growth overfishing. The reductions of fishing effort required to reach the Y/R
F0,1
 reference 
point were lower, 66-73% depending on the species, to those reported for the target species M. merluccius (87%), but higher than 
that reported for M. surmuletus (53%), in the study area in the period 2000-2010. The abundance and biomass, and the distribu-
tion range did not show any trend for the period 2001-2011, whereas the CSFb showed signs of recovery that may be due to the 
displacement of the trawl fishing effort from the shelf to the slope during the last decade. Our results underline the necessity of 
incorporating monitoring and assessment of by-catch species in fisheries management, given that their populations can show more 
pronounced overexploitation than target ones.
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Introduction
A large number of studies assess the main biological 
parameters and population dynamics of the most important 
species for fisheries. Moreover, the level of exploitation 
and status of some target stocks is periodically assessed, 
and this information can be used in the management of fish-
eries. During the last decades, the assessment and manage-
ment of fisheries has progressively changed from a single-
species to an ecosystem approach (Browman & Stergiou, 
2004). The sustainability of marine ecosystems and fisher-
ies requires avoiding the degradation of ecosystems, taking 
into account not only the target species for fisheries, but 
also the other components of the ecosystem (e.g. non-target 
species, vulnerable species, environmental conditions and 
trophic webs) and elucidating habitats critical to species for 
vital population processes (Pikitch et al., 2004).
The Mediterranean Sea is characterized by high di-
versity, both at community and species level (Pérès & 
Picard, 1964; Fredj et al., 1992; Bianchi & Morri, 2000), 
which is also reflected in the catch of its fisheries. This is 
particularly clear for the bottom trawl, highly multi-spe-
cific (Lleonart & Maynou, 2003) and with a large amount 
of by-catch of both commercial and non-commercial spe-
cies and discards (e.g. Stergiou et al., 1997; Moranta et 
al., 2000). In this area, single-species approach to fisher-
ies has mainly been focused on the target species, but 
very few studies have addressed by-catch ones (e.g. Far-
rugio et al., 1993; Lleonart & Maynou, 2003; Moranta et 
al., 2008). This is probably due to both the lack of biolog-
ical data, and incomplete information about fishing ex-
ploitation of these species. That is the case of the bottom 
trawl fishery along the continental shelf, off the Balearic 
Islands (western Mediterranean), between 50 and 200 
m depth, whose main target species are the striped red 
mullet (Mullus surmuletus) and picarel (Spicara smaris), 
and the cephalopod common octopus (Octopus vulgaris) 
on the shallow shelf, and the European hake (Merluccius 
merluccius) on the deep shelf (Palmer et al., 2009). How-
ever, up to 67 species (57 fishes, 8 cephalopods and 2 
decapod crustaceans) are commonly captured (Ordines 
et al., 2006). Most of these by-catch fish species, with the 
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exception of Trachurus spp., and large specimens of Scor-
paena spp., Lophius spp., Zeus faber and Lepidorhombus 
spp., are sold together, in a mixed fish category (MFC) 
known as “morralla”. This is common practice in some 
areas of the Mediterranean, allowing commercialization 
of species, which separately would have a low commer-
cial value or could not even be sold on the fish market.
In Mallorca (Balearic Islands; Fig. 1), within the MFC, 
the teleost fishes Chelidonichthys cuculus and Trigloporus 
lastoviza, both belonging to the family Triglidae, and Ser-
ranus cabrilla and Trachinus draco, belonging to the fam-
ilies Serranidae and Trachinidae, respectively, are among 
the most important species (Ordines et al., 2006). These 
species are also among the most important components of 
the demersal assemblages present on the continental shelf, 
T. lastoviza appearing almost exclusively on the shallow 
shelf (<100 m), S. cabrilla and T. draco having a wider 
bathymetric range including both the shallow and middle 
shelf down to 150 m, and C. cuculus being deeper distrib-
uted in the middle and deep shelf down to around 200 m 
(Massutí & Reñones, 2005). Despite their importance in 
demersal communities and fisheries in the Mediterranean, 
these species have received relatively limited attention, 
with the information remaining fragmented in most cases, 
while very few studies cover the main traits of the life his-
tory of these species (C. cuculus: Colloca et al., 2003; S. 
cabrilla: Torku-Koc et al., 2004; İlhan et al., 2010).
Within the ecosystem approach to fisheries assess-
ment and management, habitats are receiving increas-
ing attention and the identification and mapping of some 
sensitive and essential fish habitats is now a mandate 
of the European Commission (Council Regulation EC 
1967/2006). However, there is still poor knowledge on 
an important aspect of multi-specific fisheries, such as 
the level of exploitation of by-catch species. The present 
work aims to describe the main biological parameters of 
C. cuculus, T. lastoviza, S. cabrilla and T. draco and to 
assess the population dynamics and exploitation of these 
important by-catch species in the bottom trawl fishery off 
the Balearic Islands. The results obtained will contrib-
ute to the improvement of the biological knowledge of 
poorly studied fish species in the western Mediterranean 
and to the assessment of the bottom trawl fishery devel-
oped in the area.
Material and Methods
Sampling of the commercial fishery
The information on landings of the bottom trawl fleet op-
erating off Mallorca was obtained from the official statistics 
facilitated by OP MALLORCAMAR, the fisheries producers 
of Mallorca. These data consist of daily sale bills, with the 
biomass and price of each commercial category by boat.
During 2008-2010, sampling of commercial catches 
was monthly, conducted on board commercial bottom 
trawlers from Alcúdia, Palma and Santanyí, three of the 
most important fishing ports in Mallorca (Fig. 1), whose 
fleet operates on the continental shelf. This sampling was 
developed within the Data Collection Framework (Com-
mission Regulation EC No 1639/2001) and included in-
formation on the composition of the MFC (weight and 
number of individuals of each species gathered in this 
category), discards and landings, and the length frequen-
cy distribution of representative samples of C. cuculus, T. 
lastoviza, S. cabrilla and T. draco (Table 1).
During 2001-2002, monthly samplings of the studied 
species were carried out, from commercial landings, at the 
laboratory, including individual total length (TL, to the near-
est mm), total weight (TW), eviscerated weight (EW) and 
gonad weight (GW). All these weights were measured to the 
nearest 0.01 g. Sex and maturity were also determined from 
the macroscopic observation of the gonads, according to the 
maturity scale described in Brown-Peterson et al. (2011), 
and sagittal otoliths were removed (Table 1).
Sampling during scientific surveys
Data and samples were also collected from the 
MEDITS bottom trawl surveys, carried out annually 
Fig. 1: Map of the study area (Mallorca; Balearic Islands; western Mediterranean) showing the three harbours considered: Alcú-
dia, Palma and Santanyí.
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since 2001 around Mallorca-Menorca during May-July, 
between 50 and 800 m depth. The sampling scheme, 
stratified considering four depth strata (50-100, 101-200, 
201-500 and 501-800 m), and the gear used in these sur-
veys were the same as those used throughout the Medi-
terranean in bottom trawl surveys since 1994 (Bertrand et 
al., 2002). Hauls were conducted during daylight hours, 
with an effective duration of 20-60 minutes (net in con-
tact with the sea bed), depending on the depth. The aver-
age towing speed was 2.8 knots. The arrival and depar-
ture of the net at/from the bottom, as well as its horizontal 
and vertical openings (on average, 16.4 and 2.8 m, re-
spectively) were measured using a SCANMAR system.
A total of 467 experimental hauls were analyzed. In 
each sample, abundance, biomass and length frequency of 
the studied species were determined. Biological samples 
were also taken and saggital otoliths were removed to com-
plete the biological data obtained from the sampling of the 
commercial landings (Table 1). Abundance and biomass 
were standardized to one square km, using the horizontal 
opening of the net and the distance covered in each haul.
Biological parameters
Length-weight relationships were established by 
power regression (TW = α * TLb ) for sexes combined and 
using all the biological samplings available from both 
landings and surveys (Table 1). The reproductive period 
was assessed from the seasonal evolution of the gona-
dosomatic index (GSI) of females sampled within the 
monthly biological sampling carried out on samples of 
landings in the years 2001 and 2002, and females col-
lected during the scientific surveys corresponding to that 
period (Table 1). The GSI was calculated as follows:
GSI=100*  GW
 
                                  EW
. The proportion of mature individuals 
(PL) for a given size class L during the reproductive 
period was used to calculate the vector of maturity by 
length class and the length at first maturity (L50 or length 
at which 50% of the individuals are mature) for sexes
combined from the logistic curve: PL = 
       e(a+b*L)
            1 + e(a+b*L)
; to
doso, all the individuals sampled either from landings or 
scientific surveys (in case that the surveys took place dur-
ing the reproductive period) were used (Table 1). 
All the otoliths collected either from landings samples 
or scientific surveys were taken into account to study the 
growth of the species (Table 1). Otoliths were immersed 
in a 50% mixture of glycerol-alcohol and the number of 
translucent rings was counted by two readers with a com-
pound microscope using reflected light, following stan-
dard techniques (Morales-Nin, 1987). Readings not coin-
cident between readers were repeated again and not taken 
into account for further analyses if an agreement was not 
met. Marginal increment analysis was used to verify the 
increment periodicity of the rings (Morales-Nin, 1992). 
Once the rings were considered to be annual, and taking 
into account the date of capture, the number of rings, their 
formation period and the spawning season, each specimen 
was assigned to an age class. The von Bertalanffy growth 
function (VBGF) was fitted to the observed length-at-age 
data according to the following expression: Lt= Loo-e
-k(t-to)
;where Lt is the total length at age t, L∞ is the asymptotic 
length, k is the instantaneous growth coefficient and t0 is 
the hypothetical age at which length is equal to zero.
All biological parameters were calculated using the 
INBIO package in R (Sampedro et al., 2005), which 
implements the Gauss-Newton algorithm for non-linear 
least squares parameter estimation, and enables the cal-
culation of their coefficients of variation (CV) by using a 
bootstrap routine.
The von Bertalanffy and the length-weight relation-
ship parameters were used to calculate a vector of natural 
mortality (M) by age for each species. To do so, we used 
the PRODBIOM methodology (Abella et al., 1997) based 
on the reciprocal M-at-age model proposed in Caddy 
(1991). This was considered a more suitable option than 
using a constant natural mortality due to the fact that a 
large part of the catches of the species analyzed were com-
posed of individuals belonging to young age classes (see 
results), which are commonly subjected to higher natural 
mortality rates than older ones (Abella et al., 1997).
Population dynamics and exploitation
The data obtained during monthly sampling on 
board the bottom trawl fleet was used to estimate the an-
nual length frequency distributions of catches. For each 
species, only the ports and depth strata where they were 
well represented in the catches were considered. Thus, 
for C. cuculus, the fleet from Alcúdia operating on the deep 
shelf (100-250 m depth) was considered; for T. lastoviza the 
fleet from Palma and Santanyí operating on the shallow 
shelf (50-100 m depth) was considered; and for S. cabrilla 
Table 1. Number of individuals sampled by data source and species.
Source Sampling C. cuculus T. lastoviza S. cabrilla T. draco
On board (2008-10) Length 3041 1134 2147 3485
Landings (2001-02) Biological 261 542 553 595
Otoliths 227 436 338 553
Surveys (2001-11) Length 12718 4341 9561 7257
Biological 1899 886 1985 1459
Otoliths 646 663 743 652
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and T. draco the fleet from Alcúdia operating on the deep 
shelf and from Palma and Santanyí operating on the shal-
low shelf were considered.
For the period 2008-2010, the species biomass com-
position of the MFC was calculated per year, port and 
strata in order to obtain the percentage of each of the stud-
ied species. These proportions, along with the amount of 
discards of each species, estimated from sampling on 
board, the annual length distributions and the total weight 
of landings of the MFC in Mallorca (obtained from the 
official statistics), were used to calculate the total annual 
biomass of catches by species, and the total number of in-
dividuals caught by length class. Pseudocohorts of each 
species were calculated as an average of the annual num-
ber of individuals caught by length class during the three-
year sampling on board period. The population dynamics 
and exploitation of the studied species were analyzed by 
means of a Length Cohort Analysis (LCA), using the Vir-
tual Population Analysis (VPA) on the mean length pseu-
docohorts, as implemented in the VIT software (Lleonart 
& Salat, 1992). This program was designed to analyze 
exploited marine populations, based on catch data, struc-
tured by age or size, and assuming a steady state of the 
population. The steady state is quite a restrictive assump-
tion because it involves constant recruitment and mor-
tality and a constant level of exploitation. Despite this, 
the analysis of length pseudocohorts has been commonly 
used to assess the state of Mediterranean exploited ma-
rine populations when lacking suitable historical data 
series allowing more standard VPA procedures based on 
catch-at-age data. Moreover, these approaches have fre-
quently used mean length pseudocohorts obtained from 
different consecutive years (Demestre & Lleonart, 1993; 
Oliver, 1993; Aldebert & Recasens, 1996; Lleonart & 
Maynou, 2003; GFCM, 2014). Mean length pseudoco-
horts have also been considered to compensate for the 
effect of inter-annual variability in recruitment (Pallares, 
1992; Aldebert & Recasens, 1996).
The fishing effort of the bottom trawl fleet in Mal-
lorca during the period used to calculate the mean pseu-
docohorts was assumed to be constant. The number of 
boats was the same for all three years (34), with the same 
distribution among harbours (OP MALLORCAMAR), 
and no changes in the regulation of the bottom trawl fish-
ery, and similar landings (see results). 
The VPA applied to each species used a vector of 
M, the VBGF parameters and a terminal fishing mortal-
ity value (Ft, i.e. the value of fishing mortality for the 
last length class). Several values of Ft (0.1, 0.2, 0.3 and 
0.4) were considered in order to investigate the sensitiv-
ity to such parameter. The maturity vector was also used 
to estimate the spawning stock biomass (SSB). A plus 
class was used when the number of individuals in one 
or several of the largest length classes showed a null 
value. Calculation of plus classes consisted in pooling 
the individuals of the remaining larger size classes. That 
was the case for T. lastoviza (24-26 cm), S. cabrilla (26-
28 cm) and T. draco (29-33 cm). A Y/R analysis was 
carried out using the vector of fishing mortality (F) ob-
tained from VPA, the length-weight relationship param-
eters and the length distribution of catches.
Fishery independent indicators
The average stratified abundance and biomass of the 
studied species were calculated from MEDITS data by 
multiplying the average standardized abundance (individ-
uals/km2) and biomass (g/km2) of each stratum by its sur-
face and dividing it by the total surface of all strata. Taking 
into account that the studied species are mostly distributed 
on the continental shelf, only the 50-100 m and 101-200 
m sampling strata were taken into account. Trends of the 
stratified abundance and biomass during the time series 
(2001-2011) were analyzed by means of linear regression. 
The indicators distribution range and Conservation Status 
of Fish b (CSFb), elaborated within the context of the Ma-
rine Strategy Framework Directive (EU, 2008; IEO, 2012) 
were also calculated from MEDITS survey data.
The distribution range is based on geo-referenced 
presence/absence matrixes. The sampled area was divid-
ed into grids of 10x10 nautical miles. Then the percent-
age of grids in which the species were present, in relation 
to the total number of sampled grids, was calculated on 
an annual basis. With the objective of comparing the per-
centages between years, and taking into account both the 
random stratified sampling and changes in the number of 
sampled grids throughout the period analyzed, the annual 
percentages of appearance were standardized using:
%C+1 = 
   c+i /ct
              cmi / cmax
 ; where C+i is the number of grids where
the species was present in year i, Ct the total number of 
grids in the whole area, Cmi the number of sampled grids 
in year i and Cmax the maximum number of grids sampled 
any year. The temporal trend of %C+I was analyzed by 
means of linear regression.
The CSFb measures the percentage of large individu-
als at community level in relation to an initial reference 
period. To calculate this indicator, we used the stratified 
standardized abundances by length class, calculated in 
the same way as explained above for total abundance and 
biomass. Then, at species level, we calculated: 1) the to-
tal abundance of large individuals (length >0.5L
∞
); 2) the 
mean abundance of large individuals in the first 3 years of 
the MEDITS time series (2001-2003); and 3) for the suc-
cessive years, the proportion represented by the abundance 
of large individuals of each species in relation to the mean 
abundance in the first three years. For any given year, the 
CSFb indicator is calculated as the geometric mean of the 
relative abundance of the studied species. The temporal 
trends of CSFb and proportions of large individuals in re-
lation to the reference period at species level were ana-
lyzed by linear regression. 
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Results
Catch and composition of the MFC 
During the last decade, official annual landings of the 
MFC averaged 143 tons, which represents up to 6 and 5% 
of the total landed biomass and economic value obtained 
by the bottom trawl fleet, respectively (Fig. 2). The mean 
landings of the MFC were larger than those for the tar-
get species of the fishery, M. surmuletus (96 tons/year) 
and M. merluccius (82 tons/year), and barely less than 
that of S. smaris (157 tons/year), throughout the studied 
period. In terms of biomass, the most important species 
of the MFC category were S. cabrilla (17.4%), T. draco 
(17.1%), C. cuculus (13.2%), Scorpaena notata (9.0%), 
T. lastoviza (6.5%) and Pagellus erythrinus (6.2%) (Fig. 
S1). Although these main species represented about 70% 
of the total biomass of the MFC, the rest of it is composed 
of a large number of species, up to more than 50 (Fig. S1, 
Supplementary file only on the on line version).
Biological parameters
The GSI along the year showed that the reproduction pe-
riod occurs from January to April for C. cuculus, from March 
to June for T. lastoviza, from April to June for S. cabrilla and 
from June to October for T. draco (Fig. 3). The species with 
the largest L
50 
was C. cuculus (16.8 cm), whereas the smallest 
one was that of T. draco (14.4 cm). The L
50
 of S. cabrilla and 
T. lastoviza were 14.8 and 15.5, respectively (Table 2).
The length-weight relationship parameters are shown 
in Table 2. The otoliths showed the typical pattern for 
teleosts: alternations of translucent and opaque rings 
formed seasonally around an opaque nucleus. The sea-
sonal evolution of the % of presence of opaque rings in 
the margin of the otoliths showed that the main deposi-
tion of this kind of rings occurs during the second quarter 
of the year for C. cuculus and T. draco, whereas for T. 
lastoviza and S. cabrilla it occurs during the last and first 
quarters of the year (Fig. S2). T. draco showed the lon-
gest life span, with age classes ranging from 0 to 9. The 
rest of the species showed similar life spans ranging from 
0 to 5, 0 to 4, and 0 to 6 years for C. cuculus, T. lastoviza 
and S. cabrilla, respectively. The VBGF parameters and 
fitted curves are shown in Table 2 and Figure S3. The 
highest value of k corresponds to T. lastoviza (0.41 year1) 
and the lowest one to T. draco (0.10 year-1), while the 
values for C. cuculus and S. cabrilla were similar (0.17 
and 0.18 year-1, respectively).
Population dynamics and exploitation
The pseudocohorts of all the studied species showed 
similar ranges of total length: 11-26, 6-26, 8-28 and 9-33 
cm for C. cuculus, T. lastoviza, S. cabrilla and T. draco, 
respectively (Fig.4). The modes were located at 16 cm for 
C. cuculus and at 17 cm for the rest of species. An impor-
tant proportion of the catches of the four species analyzed 
were composed of young individuals. In this sense, 69 and 
68% of the catches of C. cuculus and T. lastoviza, respec-
tively, consisted of individuals with a TL equal or smaller 
Fig. 2: Time series of the commercial landings (tons) of the bottom-trawl fleet off Mallorca for Total landings (continuous lines), Spic-
ara smaris (dashed lines), MFC (dotted lines), Mullus surmuletus (dash-dotted lines), and Merluccius merluccius (short-dashed lines).
Fig. 3: Monthly evolution of the mean gonadosomatic index 
(GSI) of females for the studied species. Chelidonichthys cucu-
lus: continuous lines; Trigloporus lastoviza: dashed lines; Ser-
ranus cabrilla: dotted lines; Trachinus draco: dash-dotted lines.
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to that corresponding to 2 year-olds. In the case of S. ca-
brilla and T. draco, 43 and 48% of the catches, respec-
tively, consisted of 3-year old or younger individuals (Fig. 
4 and Fig. S3). The M vectors used as inputs for the VPA 
are shown in Figure 5. For the most abundant size classes 
of the species analyzed, the values of M varied between 
0.13 for both C. cuculus and T. draco, and 0.21 and 0.29 
for T. lastoviza and S. cabrilla, respectively.
VPA results showed that the mean length and age 
of the catches were above the critical length and age of 
the estimated population at sea for all species (i.e. the 
length and age at which the population shows its maxi-
mum biomass, respectively). C. cuculus showed a critical 
length slightly lower than the L50, whereas these values 
were quite similar for T. lastoviza. Both S. cabrilla and T. 
draco showed critical lengths higher than the L50 (Table 
2 and 3). The SSB represented 24, 40, 56 and 58% of the 
mean annual biomass for C. cuculus, T. lastoviza, S. ca-
brilla and T. draco, respectively (Table 3). The F by size 
class remained similar irrespective of the Ft that had been 
used (Fig.6). In this sense, the species showing the high-
est variability was C. cuculus, although these variations 
were low and appeared only for the largest and less abun-
dant size classes. Among the species studied, the largest 
and smallest populations corresponded to T.draco and T. 
lastoviza, respectively (Table 3).
The Y/R analyses showed that, for all the studied 
species, the current Y/R was below the Y/R
max 
and Y/R
F0,1 
Table 2. Parameters of the length-weight relationship (TW = α * TLb ; TW in g and TL in cm); the von Bertalanffy growth function 
(VBGF; L
∞
 in cm, k in year-1, t0 in years) and the maturity parameters (L50 in cm, L25-L75 in cm) for the studied species and their 
associated coefficient of variation (CV).
Species
Length-weight VBGF Maturity
a (CV) b (CV) L
∞ 
(CV)      k (CV) t0(CV) L50 (CV) L25-L75.
C. cuculus 0.005 (0.15) 3.196 (0.02) 37.6
(0.20)
0.176 (0.22) -1.264 (0.15)
16.8 
(0.01)
2.01
T. lastoviza 0.010 (0.13) 3.030 (0.01) 28.4
(0.05)
0.409 (0.12) -0.007 (4.58)
15.5 
(0.02)
4.99
S. cabrilla 0.014 (0.09) 2.903 (0.01) 38.8
(0.08)
0.173 (0.12) -0.185 (0.32)
14.8 
(0.01)
4.72
T. draco 0.005 (0.12) 3.075 (0.01) 42.3
(0.06)
0.101 (0.10) -1.825 (0.09)
14.4 
(0.05)
6.47
Fig. 4: Length frequency distribution of catches (pseudo-cohorts built with data collected between 2008 and 2010) for the studied species.
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(Table 3; Fig. 7). 
Y/R
max 
could be achieved by reducing the current fish-
ing mortalities of C. cuculus, T. lastoviza, S. cabrilla and T. 
draco by 65.2, 69.2, 71.8 and 72.5%, respectively. Slightly 
lower reductions of 66.8 and 69.4 for C. cuculus and T. 
lastoviza, respectively, and 73.1% for both S. cabrilla and 
T. draco are needed to achieve the reference point Y/R
F0,1 
(Table 3). Compared to the virgin stock biomass, the mean 
biomass was low for all species, representing 10, 2, 11 and 
3% for C. cuculus, T. lastoviza, S. cabrilla and T. draco, 
respectively.
Fishery independent indicators
The time series of the average stratified abundance and 
biomass of the studied species showed an oscillatory behav-
iour in all cases but without a significant trend for any of 
them (Table 4, Fig. 8). The distribution range indicator did 
not show any significant trend for any of the studied species 
(Table 4, Fig. 9). The percentage of occurrence in sampled 
grids ranged from 10% in 2001 to 26% in 2011 for C. cucu-
lus, from 10% in 2002 to 23% in 2011 for T. lastoviza, from 
24% in 2004 to 31% in 2007 for S. cabrilla and from 32% 
in 2004 to 27% in 2005 for T. draco.
The CSFb showed an ascendant significant trend 
(R2=0.47; t6=2.66; p<0.05) during the period 2004-2011, 
taking values higher than those of the reference state in 4 
of the 8 years considered (Fig. 10). Furthermore, regression 
analyses of the evolution of the proportion represented by 
the abundance of large individuals in relation to the refer-
ence period at species level showed an ascendant significant 
trend for all species except T. lastoviza (Table 4, Fig. 11).
Discussion
In the period analyzed, 2001-2011, the MFC had 
similar or even larger landings than those of the main 
target species on the shallow shelf, M. surmuletus and 
S. smaris, and the deep shelf, M. merluccius. The four 
species taken into account are important components of 
the MFC, representing a large percentage of the landed 
biomass of this commercial category (54%). Although 
there are two other species with similar importance, S. 
notata and P. erythrinus, the information on their length 
frequency distribution was too scarce to analyze their 
Table 3. Summary of the results of the Virtual Population (VPA) and Yield per Recruit (Y/R) analyses for the studied species. The 
value of terminal fishing mortality (Ft) used was 0.2 in all cases. Biomass is in kg; lengths in cm; ages in years; inputs, outputs and 
biomass turnover in %; Y/R in g; Ф is the effort factor; Ф
max
 is the Ф corresponding to the maximum Y/R; F is the fishing mortality.
C. cuculus T. lastoviza S. cabrilla T. draco
Catches
Number 518107 248813 426724 899766
Biomass 19486 10405 26148 32787
Mean length 16.0 14.9 17.4 17.6
Mean age 1.92 1.90 3.3 3.56
VPA 
Mean annual number 708624 447500 1465689 3660410
Mean annual biomass 18444 9322 44600 67265
Recruits 672364 494891 995359 1837534
Spawning Stock Biomass 4400 3684 24997 38736
Mean length 14.1 11.3 13.1 13.6
Critical length 14.0 15.0 16.0 16.0
Mean age 1.43 1.30 2.28 2.88
Critical age 1.38 1.83 2.89 3.03
Total biomass balance (D) 22769 13585 40664 44704
Inputs Recruitment 31.4 8.3 14.3 17.7
Growth 68.6 91.7 85.7 82.3
Outputs Natural death 14.4 23.4 35.7 26.7
Fishing mortality 85.6 76.6 64.3 73.3
Biomass turnover 123.5 145.7 91.2 66.5
Global F 0.72 0.56 0.29 0.25
Y/R
Current Y/R 29.2 21.2 26.4 17.9
Y/R
 max
34.8 30.8 28.2 27.5
Ф
max
0.41 0.23 0.55 0.22
Y/R
F0.1
33.2 30.6 26.9 26.9
Ф
F0.1
0.27 0.15 0.34 0.16
Virgin stock biomass 192024 590436 423841 2538665
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population dynamics and exploitation state. 
Similar biological traits have been found for the four 
demersal species considered in this study, C. cuculus, T. 
lastoviza, S. cabrilla and T. draco. They live on the conti-
nental shelf, with L50 (14-17 cm) and a relatively short life 
span (a maximum of 4 years detected for T. lastoviza and 
Fig. 5: Natural mortality (M) vector by length class for the 
studied species. Chelidonichthys cuculus: continuous lines; 
Trigloporus lastoviza: dashed lines; Serranus cabrilla: dotted 
lines; Trachinus draco: dash-dotted lines.
Fig. 6: Fishing mortality by length class for the studied species. Terminal fishing mortality (Ft) values of 0.1, 0.2, 0.3 and 0.4 were 
tested. The bold line represents the final value of Ft (0.2) selected for further analyses.
Table 4. Results of the linear regression analyses of the time 
series of stratified abundance (A) and biomass (B), distribu-
tion range indicator (%C+i) and the proportion represented by 
the abundance of large individuals in relation to the reference 
period 2001-2003 (%0.5L
∞
). The value of the t-test testing for 
the significance of the slope is shown. Degrees of freedom are 
9 for A, B and %C+i, and 6 for %0.5L∞.  
Species Parameter t R2
C. cuculus
Abundance 1.36 0.08
Biomass 1.68 0.15
%C+i 1.98 0.23
%0.5L
∞
3.31* 0.59
T. lastoviza
Abundance 0.89 0.02
Biomass 1.15 0.03
%C+i 2.18 0.27
%0.5L
∞
0.68 0.08
S. cabrilla
Abundance 1.05 0.01
Biomass 1.38 0.08
%C+i -0.12 0.11
%0.5L
∞
3.7** 0.65
T. draco
Abundance 1.34 0.07
Biomass 1.94 0.22
%C+i -1.14 0.03
%0.5L
∞
2.94* 0.52
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Fig. 7: Results of the Yield per Recruit (Y/R) analysis. The continuous line represents the Y/R and the dashed line the Biomass per 
Recruit (B/R) for the studied species The current effort factor (1.0) is shown with a line. 
Fig. 8: Temporal evolution of the average stratified abundance and biomass for the studied species obtained from MEDITS 
surveys data. Chelidonichthys cuculus: continuous lines; Trigloporus lastoviza: dashed lines; Serranus cabrilla: dotted lines; 
Trachinus draco: dash-dotted lines. Linear regression analyses did not show any significant trend, neither for abundance nor for 
biomass, for any of the studied species.
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9 years for T. draco), and are important components of the 
demersal communities from the continental shelf off the 
Balearic Islands, both in abundance and biomass (Mas-
sutí & Reñones, 2005; Ordines & Massutí, 2009). Despite 
the importance of these species as by-catch for the bot-
tom trawl fishery in the Balearic Islands, little is known 
about their biology and, unlike target species, their exploi-
tation levels have not been previously assessed. In fact, 
there are few studies addressing the most important traits 
of the biology of these species in both the Mediterranean 
and the Atlantic, especially in the case of T. lastoviza and 
T.draco (Table S1). Moreover, the values of the param-
eters of growth and maturity gathered from the literature 
available may present differences even if we reduce the 
scope to the Mediterranean, e.g. the k and L50 of S. cabrilla 
Fig. 9: Temporal evolution of the distribution range (% of 
presence in grids) for the studied species obtained from MED-
ITS surveys data. Chelidonichthys cuculus: continuous lines; 
Trigloporus lastoviza: dashed lines; Serranus cabrilla: dotted 
lines; Trachinus draco: dash-dotted lines. Linear regression 
analyses did not show any significant trend, neither for abun-
dance nor for biomass, for any of the studied species.
Fig. 10: Temporal evolution of the Conservation Status of Fish 
b (CSFb) obtained from MEDITS surveys data. The horizontal 
line indicates the reference state. The discontinuous line repre-
sents the linear regression of CSFb, which shows an ascendant 
significant trend (R2= 0.47; p<0.05).
Fig. 11: Temporal evolution of the proportion of the abundance of large individuals (≥ 0.5 L
∞
), in relation to the reference period for the 
studied species obtained from MEDITS surveys data. The horizontal line indicates the reference state. The discontinuous line represents 
the linear regression of the values, which shows an ascendant significant trend for Chelidonichthys cuculus (R2=0.59; p<0.05), Serranus 
cabrilla (R2=0.65; p<0.01) and Trachinus draco (R2=0.52; p<0.05). No trend was observed for Trigloporus lastoviza.
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vary from 0.1 to 0.4 years-1, and 10 to 15.2 cm in standard 
length, respectively (Table S1). In general, the values of 
the main biological parameters calculated in the present 
work are similar, or fall within the ranges of the values 
calculated in previous studies. This was not the case for the 
von Bertalanffy k parameter for T. lastoviza, available only 
from Tunisia where it is lower (0.13 years-1) (Boudaya et 
al., 2010; Table S1) than that reported in the present work 
(0.41 years-1), and the larger values of L
∞
 for S. cabrilla 
and T. draco reported for the Balearic Islands.
Within the framework of the General Fisheries Com-
mission for the Mediterranean (http://www.gfcm.org), 
the traditional single-species approach based on target 
species has predominated in the assessment of demersal 
fisheries, focusing mainly on M. surmuletus and M. mer-
luccius (e.g. GFCM, 2012). The management of these 
fisheries, based on this approach, would also benefit by-
catch species and habitats because by reducing the ex-
cessive fishing mortalities of target species to sustainable 
levels the pressure on the rest of the components of the 
ecosystem would also decrease (Mace, 2004). However, 
not all of the affected species are equally resilient. A clear 
example is that of the elasmobranches, which are a usual 
by-catch species of demersal fisheries in the Mediterra-
nean (Guijarro et al., 2012) and are considered highly 
vulnerable due to their k-selected life-history strategy, 
characterized by slow growth, late attainment of sexual 
maturity, long life spans and low fecundity (Stevens et 
al., 2000). The different resilience of the species involved 
in a fishery could lead the most vulnerable components 
of the ecosystem to collapse if fishery management only 
takes into account the assessment of target species and 
they are among the most resistant.
Our results show that the main by-catch species of 
the trawl fleet operating on the continental shelf off the 
Balearic Islands must be considered as overexploited. 
The reduction in fishing effort required to reach the Y/
R
F0,1
, considered as a reference point for management 
targets for sustainable fisheries (GFCM, 2014), is low-
er (67-73%, depending on the species) to that required 
in the case of M. merluccius (Y/R
F0,1
=87%), but higher 
than that required for M. surmuletus (Y/R
F0,1
=53%) for 
the period 2000-2010, the two target demersal species 
periodically assessed in the area (GFCM, 2012). Hence, 
reducing the fishing effort on the shallow shelf in order 
to achieve the Y/R
F0,1
 of M. surmuletus, would not suf-
fice to achieve the same target for the by-catch species 
studied here, especially for T. lastoviza, S. cabrilla and T. 
draco, whose largest parts of their populations live on the 
shallow shelf, as is also the case for M. surmuletus (Mas-
sutí & Reñones, 2005). It should be noted here that the 
mentioned reference points made our results comparable 
to those of the periodically assessed species. However, as 
is the case of M. merluccius, whose population of largest 
individuals is considered to be not fully available to the 
trawl fishery (Caddy, 1993), some of the species assessed 
in the present work may also share this characteristic. 
This could be the case of S. cabrilla, a species present 
in most of the habitats of the continental shelf, includ-
ing rocky bottoms (Fischer et al., 1987) not available to 
trawling. Hence, the population of S. cabrilla could be in 
a better state, or be more resilient to the trawling fishing 
pressure than suggested by the present assessment, which 
is restricted to the bottom-trawl fishery.
The fishery-independent indicators allowed comple-
tion of the fishery-dependent single species assessment. 
The data available for the by-catch species studied forced 
us to use VPAs based on pseudocohorts, yielding results 
that do not include any information of the trend of the state 
of the populations. This was supplied by the fishery-inde-
pendent indicators. The average stratified abundance and 
biomass and the distribution range showed that the studied 
species are stable, while the Conservation Status of Fish 
indicator (CSFb) showed an overall positive trend, indi-
cating a certain recovery. These results are in agreement 
with those obtained from the initial evaluation of the im-
plementation of the MSFD in the study area (IEO, 2012), 
where most of the biodiversity indicators applied to fish 
species showed a Good Environmental State in the Bale-
aric Islands. In the specific case of the CSFb, the reported 
trend of this indicator in the MSFD was almost identical to 
that reported here. Although the analyses for the MSDF in-
cluded a higher number of fish species, according to Mas-
sutí & Reñones (2005), most of these species are mainly 
distributed on the continental shelf (41%, i.e. C. cuculus, 
M. surmuletus, Pagellus erythrinus, Scorpaena scrofa, S. 
cabrilla, T. draco and Zeus faber) or on both the continen-
tal shelf and upper slope (41%, i.e. Helicolenus dactylop-
terus, Lepidorhombus boscii, M. merluccius, Peristedion 
cataphractum, Raja clavata, Trygla lyra and Scyliorhinus 
canicula), whereas only 18% were species typically dis-
tributed on the slope (i.e. Galeus melastomus, Microme-
sistius poutassou and Phycis blennoides). During the last 
decade, the trawl fleet operating in the Balearic Islands has 
displaced its fishing effort from the shelf to the slope, tar-
geting the economically most valuable demersal resource 
in the area, the red shrimp Aristeus antennatus (Hidalgo 
et al., 2009). This seems to be already positively affecting 
fish populations of the shelf. This is the case for the elas-
mobranch community living on the shelf bottoms of the 
study area, showing slight recovery during the last decade, 
which has not been observed for the same community on 
the slope (Guijarro et al., 2012).
Although the time series of the average stratified 
abundance and biomass did not show any clear trend, all 
the species analyzed showed a similar pattern of oscilla-
tions. Similarly, inter-annual fluctuations have also been 
detected for other species in the same study area, both on 
the shelf and the slope (Quetglas et al., 1998; Carbonell 
et al., 1999; Quetglas et al., 2013). While these fluctua-
tions were attributed to meso- and large-scale climatic in-
dices in the case of species with broader age structure and 
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longer life span, global scale indices seemed to influence 
the populations of species with a narrow age structure 
and short life span, especially species inhabiting the con-
tinental shelf (Quetglas et al., 2013). Although the short 
time series available for the present study prevents fur-
ther analysis, the similarity in the pattern of oscillations 
among the species analyzed suggests that it may also be 
the result of a similar response to climatic forces.
Our results may allow us to be more optimistic about 
the future of demersal species living on the continental 
shelf of the Balearic Islands, despite the fact that this may 
be at the expense of species living on the slope. How-
ever, they also underline the necessity of incorporating 
monitoring and assessment of by-catch species in fisher-
ies management, given that  their populations can show 
more pronounced overexploitation than target ones (in 
our case M. surmuletus). In the progressive change from 
single-species management to an ecosystem approach 
to fisheries (Browman & Stergiou, 2004) undertaken by 
the European Common Fisheries Policy for the Mediter-
ranean in order ‘to protect and conserve living aquatic 
resources and ecosystems’ (Council Regulation EC 
1967/2006), the “traditional” single-species assessment 
techniques will still be needed and fit perfectly, as long 
as their scope expands beyond the main target species.
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